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in four laboratories (A-D). All data was acquired using CID fragmentation except Q-Exactive data which was generated using HCD fragmentation. Note that LC-MS system metrics such as "sequence coverage" reflect the combined performance of all system parts from autosampler and LC to electrospray and MS, so that a malfunctioning of any part may contribute to the observed variation. Preparation of a QC sample for monitoring speed of acquisition and performance (QC 2)
HeLa cell extracts were prepared as described. 
Liquid chromatography
Digested samples were separated on a U3000 RSLC nano high performance liquid chromatography (HPLC) system (Dionex, Thermo Scientific). Peptides were loaded onto a trap column (PepMap C18, 2 cm x 100 µm, 5 µm, 100 Å, Dionex, Thermo Scientific) at a flow rate of 25 µL/min using 0.1% TFA in water as a loading solvent. After desalting for 15 minutes, the trap column was switched into the column flow, and peptides were eluted from the analytical S-21 column (Acclaim PepMap C18, 50 cm x 75 µm, 2 µm, 100 Å, Dionex, Thermo Scientific) with a flow rate of 230 nL/min for RSLC instruments coupled online to Orbitrap Velos and Q-Exactive instruments. The following gradients were applied using solvents A (0.1% formic acid, (FA)) and B (80% ACN, 10% TFE, 0.1% FA): 2% B linear increase to 40% B within 30 min for the QC 1 sensitivity sample or within 180 min for the QC 2 performance sample, followed by a 5 min gradient to 90% B which was maintained for further 5 min, then reduced to 2% B within 2 min for column equilibration for further 28 min. For the Orbitrap XL ETD system, a U3000
HPLC system was used (Dionex, Thermo Scientific). Peptides were loaded onto a trap column and 7 min to 100% C which was maintained for 13 minutes, then within 1 min back to 100%A which was maintained for further 23 min for equilibration. QC 2 runs started with 100% A for 15 min, followed by a linear gradient to 100% B within 180 min, 5 min to 85% B and 15% C, 5 min to 10% B and 90% C maintained for 5 min, then within 2 min to 100% A followed by equilibration for 28 min.
Mass spectrometry
The HPLC was coupled on-line to various types of Orbitrap mass spectrometers via an electrospray source (Thermo Scientific) using a 10 µm PicoTip emitter (New Objective). Data S-22 acquired on a LTQ Velos ion trap mass spectrometer was also uploaded to confirm that SIMPATIQCO could generate QC data from a low-resolution instrument (data not shown). The data presented in Figure 2 Depending on the type of LC-run and the instrument, different acquisition methods were used:
In general, one full MS 1 scan was followed by 12 data-dependent scans. The precursor 
Liquid chromatography
Peptides were separated on a U3000 HPLC-system (Dionex), using a trapping column Acquisition on the mass spectrometer was started at 15.0 min via a contact closure signal.
Mass spectrometry
An electrospray source from Thermo Scientific with a PicoTip 10 µm emitter from New
Objective was used to couple the LC to a Velos Orbitrap mass spectrometer. Heated capillary temperature was 250 °C and the source voltage was set to 1.7 kV. Data acquisition time was 40 min. MS 1 scans were acquired from 400-1800 m/z at a resolution of 60,000 with an AGC of 1E6 and a maximum ion injection time of 500 ms with lock mass enabled (m/z 445.12003). The 20 S-25 most intense ions were selected for CID using an isolation window of 1.9 Da, AGC 5,000 with 100 ms maximum injection time, a collision energy of 35% and a dynamic exclusion window +/-5 ppm of 30 s duration. Singly charged ions were excluded.
Laboratory C Preparation of QC sample
A mixture of tryptic digests of bovine serum albumin (Sigma) and thyroglobulin (Sigma) was used as a QC sample by laboratory C. Denaturation and alkylation of the sample were as described for laboratory A. Before digestion, BSA (Sigma) and thryoglobulin (Sigma) were dialyzed against water overnight in Slyde-A-Lyzer cassettes (3.5 K MWCO, Thermo Scientific).
After reduction of the sample volume to 500 µL in a vacuum concentrator, trypsin was added in a ratio of 1:50 (w/w) for overnight digestion. Finally, the sample was acidified with 1% TFA (v/v). For QC runs a mixture containing 313 ng BSA and 313 ng thyroglobulin was injected.
Liquid chromatography
Peptides were separated on a U3000 HPLC-system or a U3000 RSLC nano-HPLC system (both from Dionex, Thermo Scientific), using a monolithic poly-(styrene-divenylbenzene) separation column (20 cm x 0.2 mm, fabricated in house) after full-loop injection of 5 µL sample. The separations were performed at 45 °C at a flow rate of 1 µL/min and a linear gradient of 0 -40% acetonitrile in 0.05% aqueous TFA in 30, 60, and 100 min, respectively, using the U3000 HPLC-system. For the RSLC HPLC-system the same linear gradients were used with a starting concentration of 1% acetonitrile.
S-26

Mass spectrometry
Both HPLC systems were hyphenated to a LTQ Orbitrap XL mass spectrometer (Thermo The three solutions of cytochrome c (8µM), BSA (1µM), and the peptide mix (100 nM), were mixed in a ratio of 6.25:10:2.5 resulting in a QC mixture containing 2.7 µM cytochrome c, 533
nM BSA, and 13 nM peptide mix. This QC mixture, called CCBSAp, was stored in 18.5 µL aliquots at -20 °C until further use. Before injection into the LC-MS system, 80 µL 0.1% TFA was added to the thawed QC mix, followed by sonification in an ultrasonic bath for 3 minutes.
The mixtures finally injected had concentrations of 0.5 µM cytochrome c, 100 nM BSA, and 2.5 nM peptide mix. For each QC run, 1 µL QC mix containing 500 fmol cytochrome c digest, 100
fmol BSA digest and 2.5 fmol peptide mix (2.5 fmol of each peptide) was injected. Before
February 2012, the QC mix did not contain the peptide mix, but concentrations of cytochrome c and BSA digest were identical.
Liquid chromatography
An Ultimate 3000 nano LC system (Dionex, Thermo Scientific) was used for peptide separation. Samples were loaded onto a trap column (PepMap C18, 300 µm ID x 5 mm length, 5 µm particle size, 100 Å pore size; Dionex, Thermo Scientific) and washed and desalted for 10 minutes using 0.1% TFA in water as loading solvent. Then the trap column was switched online with the analytical column (PepMap C18, 75 µm ID x 500 mm, 3 µm particle and 100 Å pore size; Dionex, Thermo Scientific) and peptides were eluted with the following binary gradient:
starting with 3% solvent B to 50% solvent B in 30 min, where solvent A consisted of 0.1% formic acid in water, and solvent B consisted of 80% acetonitrile and 0.08% formic acid in water. All LC solvents were purchased from Biosolve, Valkenswaard, the Netherlands. Column flow rate was set to 250 nL/min.
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Mass spectrometry
The nano LC was coupled on-line to a hybrid linear ion trap Orbitrap mass spectrometer Remark on the types of QC samples and workflows that can be used with SIMPATIQCO
The QC samples and LC-MS methods described above are used on a routine basis in the four laboratories. Other methods or different proteins or synthetic peptides designed for QC purpose could be used instead, as SIMPATIQCO can be configured to process QC metrics from any desired set of proteins and peptides. This holds true for both the QC 1 ("sensitivity") as well as the QC2 ("performance") sample; other QC 2 samples such as E. coli, Pyrococcus furiosus or yeast might be used and can be analyzed with SIMPATIQCO in an analogous way.
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SIMPATIQCO server
The SIMPATIQCO software suite was developed for deployment on a dedicated personal computer running the Windows operating system, an Apache webserver, a PostgreSQL database and PHP. Scripts that need to be installed, an installation instruction and a manual are available on the webpage http://ms.imp.ac.at/ and will be updated with every new version of the software. human was used as a database. A cutoff score for peptide identification can also be chosen for "run-types". We used a Mascot peptide score of 25 for all searches to restrict peptide-spectrum matches to spectra of bona fide quality. Note that variable modifications are hard-coded in mascotextractor.php up to SIMPATIQCO version 1.1.0. Please refer to the online manual for an explanation how to change modifications, e.g., for "heavy" peptides.
SIMPATIQCO allows defining "proteins of interest" (POIs), for which the sequence coverage can be plotted over time. In addition, "peptide lists" can be configured, for which longitudinal QC metrics such as retention times can be displayed. For Orbitrap spectra, signal intensities are proportionate to charge state. Therefore TIC multiplied with the ion injection time can be regarded as an estimator of the number of charges.
The same holds true for ion trap spectra, where signals can also be considered approximately proportionate to charge state. Knowing the charge of the ions would therefore be required to derive the number of ions from the charges. In addition, for MS/MS spectra, dissociation efficiency has to be taken into account, as the respective value would be expected to reflect the AGC only for the undissociated precursor. And for Orbitrap spectra, appropriate pAGC scaling is required. Due to these considerations, it should be noted that the metric "(%) of target value"
represents only a coarse estimator of the underfill or overfill ratio with regard to the AGC target S-32 value. However predictive AGC works in a similar manner suggesting that this metric provides useful information.
